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Summary
　The plant hormone ethylene suppresses flower initiation and internode elongation in chrysanthemum (Chrysanthemum morifolium 
Ramat.), as does the application of ethephon, which is hydrolyzed in plant tissue and releases ethylene. The effects of ethephon are 
unstable, and vary with cultivar and time, season, and method of application. We describe the variation in response to ethephon due 
to temperature, season, and cultivar. The seasonality of extension growth and flowering capacity, growing temperatures, and genetic 
background of chrysanthemum made the effects of ethephon unstable and variable. Lower temperatures enhanced the suppression 
of internode elongation and flowering by ethephon, as confirmed by the consistently higher rate of ethylene release and greater 
slowing of plant extension growth and flowering at lower temperatures. After the summer plant growth, it became more difficult for 
ethephon-sprayed plants to elongate and flower, because they were in a low-capacity state. Cultivars that easily form rosettes, and 
show suppression of flowering, arehighly sensitive to ethephon. In such cultivars, ethephon induced the formation of rosettes and 
completely prevented flowering. Since rosette formation and suppression of flowering could be linked to dormancy in chrysanthemum, 
this indicates that ethylene might be involved in the induction of dormancy in chrysanthemum.
Temperature plays a significant role in the annual cycle between growth and dormancy of the herbaceous perennial chrysanthemum. 
After exposure to high summer temperatures, cool temperatures (<15°C) triggers dormancy. Cessation of flowering and formation 
of rosettes by cessation of elongation are characteristic of dormant plants, and can be stimulated by exogenous ethylene of ethephon 
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and 1-aminocyclopropane-1-carboxylic acid. Thus, the ethylene response pathway might be involved in the temperature-induced 
dormancy of chrysanthemum. We used transgenic chrysanthemums expressing a mutated ethylene receptor gene to assess this 
involvement. The transgenic lines showed reduced ethylene sensitivity: ethylene caused leaf yellowing in wild-type chrysanthemums, 
but the leaves remained green in the transgenic lines. 
Extension growth and flowering of wild-type and transgenic lines varied between temperatures: at 20°C, the transgenic lines showed 
the same stem elongation and flowering as the wild type. At cooler temperatures, the wild type formed rosettes with an inability 
to flower and entered dormancy, but some transgenic lines continued to elongate and flower. This supports the involvement of the 
ethylene response pathway in the temperature-induced dormancy of chrysanthemum. At the highest dosage of ethylene-releasing 
ethephon, wild-type plants formed rosettes with an inability to flower and became dormant, but one transgenic line did not. This 
confirms that dormancy is induced via the ethylene response pathway.
The plant hormone gibberellin (GA) induces flower formation in several long-day plants, and exogenous GA can partly substitute for 
chilling treatment in cold-dependent plants. Both chilling and GA are required to promote flowering of the short-day chrysanthemum 
as observed in many plants. Chilling and GA requirements for the flowering of 4 cultivars were examined, and their genetic variation 
was shown: those that required GA also required chilling for flowering, but those that did not require GA showed no chilling 
requirement. GA had little effect on the increase in expression of CmAFL1, an APETALA1/FRUITFULL homologous gene from 
chrysanthemum, under short-day conditions. With regard to LEAFY in Arabidopsis thaliana, GA promoted the expression of CmFL , a 
FLORICAULA/LEAFY homologous gene from chrysanthemum, and the upregulation of CmFL required GA in cultivars with a chilling 
requirement. Therefore, this GA requirement can be attributed mainly to the chilling requirement for flowering.
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2）生育温度がエセフォン処理後のエチレン発生量に及
ぼす影響およびその季節変動
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1．材料および方法
1）生育温度がエセフォンに対する花芽分化および茎伸
長における反応に及ぼす影響およびその季節変動
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Fig. 1. Effect of ethephon, temperature, and season on days to 
visible flower buds in chrysanthemum. Days to visible flower 
buds of control plants (open bars) and ethephon treated plants 
(gray bars) after transfer into SD phytotron. When plants were 
transferred to phytotrons, one spray treatment of ethephon (0 
or 200 mg L-1) was applied to plants. (A) ?Sei-marine? started 
on April 5. (B) ?Sei-marine? started on August 24. (C) ?Azuma? 
started on April 5. (D) ?Azuma? started on August 24. (E) 
?Reagan? started on April 5. (F) ?Reagan? started on August 24. 
Values are means ? SE (n = 10). ?NB, no visible flower buds 
during experimental period.
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Fig. 1. Effect of ethephon, temperature, and season on days to visible flower buds in 
chrysanthemum. Days to visible flower buds of control plants (open bars) 
and ethephon treated plants (gray bars) after transfer into SD phytotron. 
When plants were transferred to phytotrons, one spray treatment of ethephon 
(0 r 200 mg L−1) was applied to pl nts. (A) ‘S i-marine’ started on April 5. 
(B) ‘Sei-marine’ started on August 24. (C) ‘Azuma’ started on April 5. (D) 
‘Azuma’ started on August 24. (E) ‘Reagan’ started on April 5. (F) ‘Reagan’ 
started on August 24. Values are means ± SE (n = 10). z NB, no visible 
flower buds during experimental period.
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Fig. 2. Effect of ethephon, temperature, and season on percentage of flowering 
plants in chrysanthemum. Percentage of flowering plants of control plants 
(open bars) and ethephon treated plants (gray bars). When plants were 
transferred to SD phytotrons, one spray treatment of ethephon (0 or 200 mg 
L−1) was applied to plants. Data were collected 6 weeks after transferring to 
phytotron (n = 10). (A) ‘Sei-marine’ started on April 5. (B) ‘Sei-marine’ 
started on August 24. (C) ‘Azuma’ started on April 5. (D) ‘Azuma’ started 
on August 24. (E) ‘Reagan’ started on April 5. (F) ‘Reagan’ started on 
August 24. 
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Fig. 2. Effect of ethephon, temperature, and season on 
percentage of floweri g plants in chrysanth mum. Percentage 
of flowering plants of control plants (open bars) and ethephon 
treated plants (gray bars). When plants were transferred to 
SD phytotrons, one spray treatment of ethephon (0 or 200 mg 
L-1) was applied to plants. Data were collected 6 weeks after 
transferring to phytotron (n = 10). (A) ?Sei-marine? started on 
April 5. (B) ?Sei-marine? started on August 24. (C) ?Azuma? 
started on April 5. (D) ?Azuma? started on August 24. (E) 
?Reagan? started on April 5. (F) ?Reagan? started on August 24.
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2．結　果
1）花芽分化および茎伸長に及ぼす生育温度の影響およ
びその季節変動
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Table 1. Effect of ethephon, temperature, and season on increased number of leaves after transfer into SD phytotrons in
　　　　chrysanthemum.
   Growing
temperature
(light/dark)
Treatment
Increased number of leaves after transfer into SD phytotrons
Apr. 5 Aug. 24
Flowering Non-floweringz Flowering Non-flowering
‘Sei-marine’ 
15/10°C Water 21.9± 0.6 - - 28.0± 0.6
Ethephon 31.8± 0.7 35.5± 0.4 - 31.9± 0.4
20/15°C Water 20.5± 0.5 - 19.4± 0.7 37.0
Ethephon 26.4± 0.8 - 41.6± 2.0 42.8± 1.1
25/20°C Water 22.1± 0.5 - 19.8± 0.3 -
Ethephon 25.1± 0.6 - 30.1± 0.7 -
‘Azuma’ 
15/10°C Water 24.1± 0.3 - 22.3± 0.2 -
Ethephon 34.2± 1.4 36.5± 1.5 - 35.8± 0.4
20/15°C Water 26.7± 0.7 - 21.3± 0.4 -
Ethephon 33.7± 1.3 - 44.6± 1.8 48.0± 1.7
25/20°C Water 25.2± 0.5 - 22.5± 0.3 -
Ethephon 27.9± 0.3 - 35.4± 0.6 -
‘Reagan’
15/10°C Water 19.1± 0.3 - 22.8± 0.2 -
Ethephon 20.9± 0.2 - - 32.9± 0.2
20/15°C Water 18.8± 0.3 - 19.6± 0.4 -
Ethephon 19.5± 0.3 - 25.7± 0.2 -
25/20°C Water 20.1± 0.4 - 20.8± 0.3 -
Ethephon 22.6± 0.4 - 26.3± 0.3 -
When plants were tarnsferred into SD phytotrons, one spray treatment of ethephon (0 or 200 mg L-1) was applied to plants. 
Values are means ± SE (n = 10). z Sampled 6 weeks after treatment started.
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Fig. 3. Effect of ethephon, temperature,  and season on  internode length in 
chrysanthemum. Internode length (mm) between the fourth and fifth 
leaves above the leaf that was the topmost expanded leaf at the beginning 
of treatment of control plants (open bars) and ethephon treated plants 
(gray bars). When plants were transferred to SD phytotrons, one spray 
treatment of ethephon (0 or 200 mg L−1) was applied to plants. (A) ‘Sei- 
marine’ started on April 5. (B) ‘Sei-marine’ started on August 24. (C) 
‘Azuma’ started on April 5. (D) ‘Azuma’ started on August 24. (E) 
‘Reagan’ started on April 5. (F) ‘Reagan’ started on August 24. Values 
are means ± SE (n = 10). 
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A Sei-marine started on Apr. 5 B Sei-marine started on Aug. 24
D Azuma started on Aug. 24C Azuma started on Apr. 5
E Reagan started on Apr. 5 F Reagan started on Aug. 24
Fig. 3. Effect of ethephon, temperature, and season on internode 
length in chrysanthemum. Internode length (mm) between 
the fourth and fifth leaves above the leaf that was the topmost 
expanded leaf at the beginning of treatment of control plants (open 
bars) and ethephon treated plants (gray bars). When plants were 
transfe red to SD phytotrons, on  spray tre tment of ethephon 
(0 or 200 mg L-1) was applied to plants. (A) ?Sei- marine? started 
on April 5. (B) ?Sei-marine? started on August 24. (C) ?Azuma? 
started on April 5. (D) ?Azuma? started on August 24. (E) 
?Reagan? started on April 5. (F) ?Reagan? started on August 24. 
Values are means ? SE (n = 10).
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Fig. 4. Effects of temperature and season on ethylene production in shoot tips of 
chrysanthemum. (A) ‘Sei-marine’ after treatment started on July 13. (B) 
‘Sei-marine’ after treatment started on August 24. (C) ‘Azuma’ after 
treatment started on July 13. (D) ‘Azuma’ after treatment started on 
August 24. When plants were transferred to SD phytotrons, one spray 
treatment of ethephon (0 or 200 mg L−1) was applied to plants. Values are 
means ± SE (n = 3).
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Fig. 4. Effects of temperatur  and season on ethyle e production in shoot tips f chrysanthemum. (A) ?Sei-marine? after treatment 
started on July 13. (B) ?Sei-marine? after treatment started on August 24. (C) ?Azuma? after treatment started on July 13. (D) ?Azuma? 
after treatment started on August 24. When plants were transferred to SD phytotrons, one spray treatment of ethephon (0 or 200 mg 
L-1) was applied to plants. Values are means ? SE (n = 3).
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Fig. 5. Effect of ethephon, temperature, and season on percentage of flowering 
plants in chrysanthemum. Percentage of flowering plants of control 
plants (open bars) and ethephon treated plants (gray bars). When plants 
were transferred to SD phytotrons, one spray treatment of ethephon (0 or 
200 mg L−1) was applied to plants. Data were collected 6 weeks after 
transferring to SD phytotron (n = 10). (A) ‘Sei-marine’ started on July 13. 
(B) ‘Sei-marine’ started on August 24. (C) ‘Azuma’ started on July 13. 
(D) ‘Azuma’ started on August 24. 
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Fig. 5. Effect of ethephon, t mperatu e, nd s ason on 
percentage of flowering plants in chrysanthemum. Percentage 
of flowering plants of control plants (open bars) and ethephon 
treated plants (gray bars). When plants were transferred to 
SD phytotrons, one spray treatment of ethephon (0 or 200 mg 
L-1) was applied to plants. Data were collected 6 weeks after 
transferring to SD phytotron (n = 10). (A) ?Sei-marine? started 
on July 13. (B) ?Sei-marine? started on August 24. (C) ?Azuma? 
started on July 13. (D) ?Azuma? started on August 24.
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Fig. 6. Effect of ethephon, temperature, and season on days to visible flower 
buds in chrysanthemum. Days to visible flower buds of control plants 
(open bars) and ethephon treated plants (gray bars) after transfer into SD 
phytotron. When plants were transferred to phytotrons, one spray 
treatment of ethephon (0 or 200 mg L−1) was applied to plants. (A) ‘Sei- 
marine’ started on July 13. (B) ‘Sei-marine’ started on August 24. (C) 
‘Azuma’ started on July 13. (D) ‘Azuma’ started on August 24. Values 
are means ± SE (n = 10). z NB, no visible flower buds during 
experimental period.
NB
Fig. 6. Effect of ethephon, temperature, and season on days to 
visible flower buds in chrysanthemum. Days to visible flower 
buds of c ntrol plants (open bars) and ethephon treated plants 
(gray bars) after transfer into SD phytotron. When plants were 
transferred to phytotrons, one spray treatment of ethephon (0 
or 200 mg L-1) was applied to plants. (A) ?Sei- marine? started 
on July 13. (B) ?Sei-marine? started on August 24. (C) ?Azuma? 
started on July 13. (D) ?Azuma? started on August 24. Values 
are means ? SE (n = 10). ?NB, no visible flower buds during 
experimental period.
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2．結　果
1）花芽分化および茎伸長における低温処理の影響の品
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第 2 節　高温遭遇後に花芽分化能力および
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フォンに対する花芽分化および茎伸長におけ
る反応が強く現れる
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Fig. 7. Effect of chilling pre-treatment and 
ethephon on percent of flowering plants 
(open bars) and days to visible flower 
buds (gray bars) in chrysanthemum. 
Chilling pre-treatment, 3ºC for 30 days. 
One spray treatment of ethephon (1000 
mg L−1) was applied to plants at transfer 
into SD. HT,  unchilled plants without 
ethephon. LT, chilled plants with 
ethephon. HT+E, unchilled plants with 
ethephon. LT+E, chilled plants with 
ethephon. z NB, no visible flower buds 
during experimental period.
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Fig. 7. Effect of chilling pre-treatment and ethephon on percent of flow ring plants (open bars) and days to visible flower buds (gray 
bars) in chrysanthemum. Chilling pre-treatment, 3ºC for 30 days. One spray treatment of ethep on (1000 mg L-1) was applied to plants 
at transfer into SD. HT, unchilled plants without ethephon. LT, chilled plants with ethephon. HT+E, unchilled plants with ethephon. 
LT+E, chilled plants with ethephon. ?NB, no visible flower buds during experimental period.
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Fig. 8. Effect of ethephon and cold pre- 
treatment on internode length in 
chrysanthemum. Internode length 
(cm) between the fourth and fifth 
leaves above the leaf that was the 
topmost expanded leaf at the 
beginning of treatment. Cold pre- 
treatment was given to the plants at 
3ºC for 30 days. When SD started, 
one spray treatment of ethephon 
(1000 mg L−1) was applied to plants. 
HT,  unchilled plants without 
ethephon. LT, chilled plants with 
ethephon. HT+E, unchilled plants 
with ethephon. LT+E, chilled plants 
with ethephon.
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Fig. 8. Effect of ethephon and cold pre- treatment on internode length in chrysanthemum. Internode length 
(cm) between the fourth and fifth leaves above the leaf that was the topmost expanded leaf at the beginning 
of treatment. Cold pre- treatment was given to the plants at 3ºC for 30 days. When SD started, one spray 
treatment of ethephon (1000 mg L-1) was applied to plants. HT, unchilled plants without ethephon. LT, chilled 
plants with ethephon. HT+E, unchilled plants with ethephon. LT+E, chilled plants with ethephon.
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Fig. 9. Nine cultivars at the end of 
experiment. E shows ethephon 
treated plants. HT, unchilled plants 
without ethephon. LT, chilled 
plants with ethephon. HT+E, 
unchilled plants with ethephon. 
LT+E, chilled plants with ethephon. 
When SD started, one spray 
treatment of ethephon (1000 mg 
L−1) was applied to plants. 
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Fig. 9. Nine cultivars at the end of experiment. E shows 
ethephon treated plants. HT, unchilled plants without ethephon. 
LT, chilled plants with ethephon. HT+E, unc illed plants with 
ethephon. LT+E, chilled plants with ethephon. When SD started, 
one spray treatment of ethephon (1000 mg L-1) was applied to 
plants.
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第 2 章　キクの休眠誘導におけるエチレン
情報伝達系の関与
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第 1 節　エチレン前駆体 ACC による花芽分
化・茎伸長の抑制およびロゼット形成の誘導
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Table 2. Effects of ACC on flowering and internode length of 
chrysanthemum ‘Sei-marine’. When plants were transferred 
into a growth chamber controlled at 20/15ºC  (light/dark) with an 
8 h photoperiod, 10µL of ACC (0, 10, or 50µgµL-1) was applied to the 
shoot tips.
Total ACC dose (µg/plant) Percentage of flowering plants Internode lengthz (mm)
0 61.5 10.1±0.6
100 15.4 2.8±0.4
500 0 1.1±0.1
**
Data were collected 9 weeks after ACC treatment. Values are 
means ±SE (n = 13). **, Significant differences between effects 
of ACC treatments on internode length (ANOVA: P < 0.01). z 
Length between eighth and ninth leaves above the leaf that was 
the topmost expanded leaf at the beginning of treatment.
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2．結果および考察
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???? STS???????? STS????????
第 2 節　STS が花芽分化および茎伸長に及ぼ
す影響
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1．材料および方法
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Fig. 10. Effect of STS and season on increased number of leaves after transfer 
into SD phytotron in chrysanthemum. Data were collected 8 weeks after 
transfer into SD phytotron. (A) ‘Reagan’ started on June 25. (B) 
‘Reagan’ started on September 17. (C) ‘Shuho-no-chikara’ started on 
June 25. (D) ‘Shuho-no-chikara’ started on September 17. Values are 
means ± SE (n = 14). **,*, Significant differences between control and 
STS (ANOVA: P < 0.01, 0.05).
Fig. 10. Effect of STS and season on increased number of leaves 
after transfer into SD phytotron in chrysanthemum. Data were 
collected 8 weeks after transf r into SD phytotron. (A) ?Reagan? 
started on June 25. (B) ?Reagan? started on September 17. (C) 
?Shuho-no-chikara? started on June 25. (D) ?Shuho-no-chikara? 
started on September 17. Values are means ? SE (n = 14). **,*, 
Significant differences between control and STS (ANOVA: P < 
0.01, 0.05).
Table 3. Effect of STS and season on percentage of flowering 
plants (%) in chrysanthemum.
Date of transfer into SD phytotron 
Treatment
Jun. 25  Sep. 17
Cont. STS Cont. STS
‘Reagan’ 100 100 100 100
‘Shuho-no-chikara’ 85.7 85.7 42.9 64.3
Sampled 8 weeks after transfer into SD phytotron (n = 14).
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Fig. 11. Effect of STS and season on stem length of chrysanthemum. Data were 
collected 8 weeks after transfer into SD phytotron. (A) ‘Reagan’ started 
on June 25. (B) ‘Reagan’ started on September 17. (C) ‘Shuho-no- 
chikara’ started on June 25. (D) ‘Shuho-no-chikara’ started on 
September 17. Values are means ± SE (n = 14). **, Significant 
differences between control and STS (ANOVA: P < 0.01).
A Reagan on Jun. 25 B Reagan on Sep. 17
D Shuho-no-chikara on Sep. 17C Shuho-no-chikara on Jun. 25
Fig. 11.  Effect of  STS and season on stem length of 
chrysanthemum. Data we e collected 8 weeks after tran fer into 
SD phytotron. (A) ?Reagan? started on June 25. (B) ?Reagan? 
started on September 17. (C) ?Shuho-no- chikara? started on 
June 25. (D) ?Shuho-no-chikara? started on September 17. 
Values are means?SE (n = 14). **, Significant differences 
between control and STS (ANOVA: P < 0.01).
?????????????32
?????????????????????????
????????STS??????????????
10????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?? STS?????????????STS??? STS
?????????????????????????
?????????????????????????
?????????????????????????
????Suttle, 1998????????????????
????????????????????????
第 3 節　エチレン低感受性遺伝子組換えキク
を用いた休眠とエチレン情報伝達系の関係解
明
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Table 4. PCR primers and their sequences used to detect DG-
ERS1, mDG-ERS1(etr1-4), mDG-ERS1(Nr)and CmACTIN.
Gene name Primer Sequence (5'→3')
DG-ERS1 Forward ACTAATTCAACACCGACAGC
Reverse CTCAATCAGATGTATGTGCCA
mDG-ERS1(etr1-4) Forward CCATCAAGGCAGTGGTGAAC
and mDG-ERS1(Nr) Reverse TTGAACGATCGGGGAAATTC
CmACTIN Forward GATGACGCAGATCATGTTCG
Reverse AGCATGTGGAAGTGCATACC
??????Chrysanthemum morifolium????????????????????????????????????????? 33
? cDNA?????????? cDNA? DNaseFree?
? 5??????SYBR Premix Ex Taq????????
????? 15µL???? 5µL? cDNA???????
????????????????????????
?????????????? PCR????????
????????? CmACTIN?GenBank accession no. 
AB205087????????????????????
????????????? DG-ERS1 ?mDG-ERS1
?etr1-4??mDG-ERS1?Nr???? CmACTIN????
??????? 4????????????????
????????????????????????
???????????????????DG-ERS1?
??? 3????????? DG-ERS1 ? 3?????
????????????????mDG-ERS1?etr1-4?
??? mDG-ERS1?Nr????? 3????????
? NOS??????????????????PCR?
95?? 20?????????95??5??? 60??20
??? 72??15?????? 40?????DG-ERS1 ?
mDG-ERS1?etr1-4???? mDG-ERS1?Nr?????
???????? CmACTIN????????????
???????
3）葉の黄化反応によるエチレン感受性の検定
???????????????????????Doi 
et al., 2003????????????????????
?????????????????????????
?????????????????????? 5??
?????18??? 25??????????????
? 30 cm????????????? 6???????
??????????? 10 cm?????????200 
mL????????????? 300 mL??????
???????????? 23?????? 70??12
????????????????????????
????????????????????? PPFD?
10µmol m-2 s-1????????????2??????
?????????????????????????
????????????????????????
????????????????????????
?????????????????????????
??Ruonala et al., 2006???????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
????????????????
1．材料および方法
1）植物材料
?????????????????????????
?? mDG-ERS1?etr1-4????? mDG-ERS1?Nr??
?????????????????????????
?Narumi et al., 2005a????????????????
?????????????????????????
????????????? etr1-4 ?Chang et al., 1993?
???????Solanum lycopersium?????????
??????? Nr ?Wilkinson et al., 1995???????
?????????????????????????
DG-ERS1?GenBank accession no. AF547624; Narumi et al., 
2005b?? cDNA??????????????????
??mDG-ERS1?etr1-4????mDG-ERS1?Nr?????
?? No. 10?No. 19?No. 33??? No. 45? mDG-ERS1
?etr1-4??????????? No. 21 ??? No. 27?
mDG-ERS1?Nr?????????
2）内在および変異エチレンレセプター遺伝子の発現解析
????????? PCR??????????????
?????????????????????????
????????????????????????
?????????????????????????
5???????15??? 25????????????
?????????????????????????
?????????RNeasy Plant Mini Kit??????
??????? RNase-free DNase??????????
???????????????? total RNA????
??Transcriptor First Strand cDNA Synthesis Kit?????
?????????????????????????
??????? 500 ng? total RNA?????????
00.05
0.1
DG-ERS1
0
0.2
0.4
0.6
0.8
1
B
A
R
el
at
iv
e 
ex
pr
es
si
on
 le
ve
l
R
el
at
iv
e 
ex
pr
es
si
on
 le
ve
l
mDG-ERS1(etr1-4)
mDG-ERS1(Nr)
WT        10        19        33        45        21        27
WT        10        19        33        45        21        27
Fig. 12. Q-PCR analysis of mRNA of (A) mDG-ERS1(etr1-4) and mDG- 
ERS1(Nr) and (B) endogenous DG-ERS1 in shoot tips of wild- 
type and transgenic chrysanthemum ‘Sei-marine’. Transcript 
levels were compared directly after normalization against a 
CmACTIN loading standard. All values are means ± SE (n = 3).
Fig. 12. Q-PCR analysis of mRNA of (A) mDG-ERS1(etr1-4) 
and mDG- ERS1(Nr) and (B) endogenous DG-ERS1 in shoot 
tips of wild- type and transgenic chrysanthemum ?Sei-marine?. 
Transcript levels were compared directly after normalization 
against a CmACTIN loading standard. All values are means ?
SE (n = 3).
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2．結　果
1） 遺 伝 子 組 換 え キ ク 系 統 に お け る DG-ERS1，mDG-
ERS1（etr1-4）および mDG-ERS1（Nr）の発現解析
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4）生育温度が低い条件下での遺伝子組換えキク系統の
花芽分化および茎伸長
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??????? 8?? 10?????????????
???????????????? PPFD? 200µmol 
m-2 s-1???????????????????? 9?
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
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5）エセフォンが遺伝子組換えキクの花芽分化および茎
伸長に及ぼす影響
????????????????????? No. 33?
???? 2007? 7? 9?????????128???
????????7? 30??????????? 7.5 cm
?????????????????????????
?????? 5???????18??? 25??????
?????????? 4?? 5????? 8? 7???
8?????20/15???? /????????????
????????????????????????
PPFD? 200µmol m-2 s-1??????????????
??????????100??? 1000 mg L-1?????
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Fig. 13. Changes in leaf colour of wild-type and transgenic chrysanthemum 
‘Sei-marine’ on days 0, 10, and 18. The value of L* ×
 
b* / |a*| shows 
the degree of yellowing. Stems were exposed to ethylene (1 µL L−1) 
for 48 h starting on day 10 at 23ºC. All values are means ± SE (n = 
6).
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Fig. 13. Changes in leaf colour of wild-type and transgenic 
chrysanthemum ?Sei-marine? on days 0, 10, and 18. The value 
of L* ? b* / |a*| shows the degre  of yellowing. Stems were 
exposed to ethylene (1µL L-1) for 48 h starting on day 10 at 23ºC. 
All values are means ? SE (n = 6).
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Fig. 14. Average daily air temperatures in a closed glasshouse, where 
stock plants of wild-type and transgenic chrysanthemum ‘Sei- 
marine’ were grown during summer.
Fig. 14. Average daily air temperatures in a closed glasshouse, 
where stock plants of wild-type and transgenic chrysanthemum 
?Sei- marine? were grown during summer.
Fig. 15. Effects of temperature on flowering and stem elongation of wild- 
type and transgenic chrysanthemum ‘Sei-marine’. (A) Percentage 
of flowering plants and (B) stem elongation at 15, 17.5, or 20ºC 
under 11-h photoperiod. Data were collected 9 weeks after 
ethephon treatment. All values are means ± SE (n = 8–10). 
Asterisks indicate significant differences between wild-type and 
transgenic lines at the same temperature (ANOVA: P < 0.01). 
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Fig. 15. Effects of temperature o  flowering and stem elongation 
of wild- type and transgenic chrysanthemum ?Sei-marine?. 
(A) Percentage of flowering plants and (B) stem elongation at 
15, 17.5, or 20ºC under 11-h photoperiod. Data were collected 9 
weeks after ethephon treatment. All values are means ? SE (n 
= 8–10). Asterisks indicate significant differences between wild-
type and transgenic lines at the same temperature (ANOVA: P < 
0.01).
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3）低生育温度条件下での遺伝子組換えキク系統の花芽
分化および茎伸長
?????????????????????????
?????????????????????????
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???? 6????20???????????????
15A?16A?B???????????????????
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?No.27?????????? 2.1?????????
2）遺伝子組換えキク系統におけるエチレン感受性の低下
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Fig. 16. Effects of temperature on flowering and stem elongation of wild-type 
and transgenic chrysanthemum ‘Sei-marine’. Representative (A) 
wild-type and (B) transgenic line No. 33 plants, 9 weeks after growth 
at 15, 17.5, and 20ºC  under 11-h photoperiod.
A
B
Fig. 16. Effects of temperature on flowering and stem elongation 
of wild-type and transgenic chrysanthemum ?Sei-marine?. 
Representative (A) wild-type and (B) transgenic line No. 33 
plants, 9 weeks after growth at 15, 17.5, and 20ºC under 11-h 
photoperiod.
Fig. 17. Representative (A) wild-type and (B) transgenic line No. 
33 plants of chrysanthemum ‘Sei-marine’, 6 weeks after 
transfer into a growth chamber at 20/15ºC (light/dark) 
with an 8-h photoperiod and treatment with an ethephon 
spray (0, 100, or 1000 mg L−1).
A
B
Water Ethephon 1000 mg L−1Ethephon 100 mg L−1
No. 33
Water Ethephon 1000 mg L−1Ethephon 100 mg L−1
WT
Fig. 17. Represe tive (A) wild-type and (B) transgenic line 
No. 33 plants of chrysanthemu  ?Sei-marine?, 6 weeks after 
transfer into a growth chamber at 20/15ºC (light/dark) with an 
8-h photoperiod and treatment with an ethephon spray (0, 100, 
or 1000 mg L-1).
Table 5. Effects of ethephon on flowering and stem elongation 
of wild type and transgenic line No. 33 of chrysanthemum ‘Sei-
marine’. When plants were transferred to a growth chamber 
controlled at 20/15 ºC (light/dark) with an 8-h photoperiod, 
one spray treatment of ethephon (0, 100, or 1000 mg L−1) was 
applied.
Ethephon
content (mg L–1) Wild type No.33
Percentage of flowering plants
0 100 100
100   31.3 100
1000     0 100
Stem elongation (cm)
0 21.5±0.3 22.6 ± 0.3
100 11.4 ± 0.8 20.6 ± 0.8 **
1000 6.6 ± 0.2 15.5 ± 0.9 **
Data were collected 6 weeks after ethephon treatment. Values 
are means ±SE (n = 16). **, Significant differences between 
wild type and No. 33 at the same rate of ethephon (ANOVA: P < 
0.01).
?????????????36
15????????????????????????
??????????????? 6?????????
????????????????17.5???????
?????15??? No. 19 ?????? 10??No. 10?
?? 100??No. 33????????????
?20????No. 10??????????? 5????
?????????????????????????
??? 15B?16A?B???No. 10??????????
??????????????????????????
??????????????15??????? 4 cm
????????????????17.5???????
???????????? 6????????????
??????15?????????????? No. 10?
No.19?No.27??? No.45?????????????
???????????????????????No. 
21??? No.33 ??????????????????
????????????????
4）遺伝子組換えキク系統 No. 33 の花芽分化および茎伸
長におけるエセフォンの影響
?????????????????????????
??????????????? 5?????????
????????????????????????
1000 mg L-1????????????????????
???????? 17????????????????
No. 33 ??????????????????????
??????????No. 33????????????
??????????????????? 100??? 
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?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????
?????????????????????????
?????????????????????????
????????????????????????
????????????????????????
? No. 33????????????????????
?????????????????????????
?????????????????????????
?????????????? 12?????????
?????????????????????????
??????????????????????Aida et 
al.?2008?????????????????????
? GUS?????????? GUS????????
??????????????????? GUS???
??? GUS???????????????????
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?????????????????????????
?????????????????????????
?????????????????????????
??????????
??????????????????? No. 33???
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?????????????????????????
?????????????????????????
?????????????????? No. 33 ???
?????????????????????????
?????????????????????????
?????????????????????????
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?????????????????????????
1000 mg L-1???????????????????
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第 3 章　キクの花芽分化におけるジベレリン
の役割の解明
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第 1 節　低温要求性品種の花芽分化における
ジベレリン要求 
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Fig. 18. Effect of GA3 and chilling on stem elongation in chrysanthemum 
‘City’, line 94-4008, ‘Reagan’ and ‘Nagano-queen’. Shaded bars 
represent unchilled plants, open bars represent 8-week chilled plants. 
Error bars represent ± SE (n = 14). GA3 (0, 0.1, 1 or 10 µg per plant 
in total) was applied over 6 d after UCZ application. No chemicals, 
non-UCZ- and non-GA3 -treated plants. 
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Fig. 18. Effect of GA3 and chilling on stem elongation in chrysanthemum ?City?, line 94-4008, ?Reagan? and ?Nagano-queen?. Shaded 
bars represent unchilled plants, open bars represent 8-week chilled plants. Error bars represent ? SE (n = 14). GA3 (0, 0.1, 1 or 10µg 
per plant in total) was applied over 6 d after UCZ application. No chemicals, non-UCZ- and non-GA3 -treated plants.
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Fig. 19. Plants grown in SD with or without the application of GA3 . 
(A) Unchilled line 94-4008. (B) Chilled line 94-4008. (C) 
Unchilled ‘Reagan’. (D) Chilled ‘Reagan’. GA3 (0, 0.1, 1 
or 10 µg per plant in total) was applied over 6 d after UCZ 
application. No chemicals, non-UCZ- and non-GA3 -treated 
plants.
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Fig. . Plants grown in SD with or without the application 
of GA3 . (A) Unchilled line 94-4008. (B) Chilled line 94-4008. 
(C) Unchilled ?Reagan?. (D) Chilled ?Reagan?. GA3 (0, 0.1, 
1 or 10µg per plant in total) was applied over 6 d after UCZ 
application. No chemicals, non-UCZ- and non-GA3 -treated 
plants.
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Fig. 20. Effect of GA3 and chilling on flowering in chrysanthemum ‘City’, line 
94-4008, ‘Reagan’ and ‘Nagano-queen’. Percentage of flowering 
plants of unchilled (●, broken line) or 8-week chilled plants (□, solid 
line). Data were collected 56 days after transfer into the SD growth 
chamber. Error bars represent ± SE (n = 14). GA3 (0, 0.1, 1 or 10 µg 
per plant in total) was applied over 6 d after UCZ applications. No 
chemicals, non-UCZ- and non-GA3 -treated plants. 
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Fig. 20. Effect of GA3 and chilling on flowering in chrysanthemum ?City?, line 94-4008, ?Reagan? and ?Nagano-queen?. Percentage 
of flowering plants of unchilled (? , broken line) or 8-week chilled plants (? , solid line). Data were collected 56 days after transfer 
into the SD growth chamber. Error bars represent ? SE (n = 14). GA3 (0, 0.1, 1 or 10µg per plant in total) was applied over 6 d after 
UCZ applications. No chemicals, non-UCZ- and non-GA3 -treated plants.
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Fig. 21. CmFL and CmAFL1 induce early flowering in Arabidopsis 
thaliana grown under 9-h SD photoperiod at 20 ºC. (A) 
Wild type. (B) 35S::CmFL transformant. The terminal 
flower (arrow) is visible. (C) Left, wild type. Middle and 
right, 35S::CmAFL1 transformants.
Fig. 21. CmFL and CmAFL1 induce early flowering in 
Arabidopsis thaliana grown under 9-h SD photoperiod at 20 
ºC. (A) Wild type. (B) 35S::CmFL transformant. The terminal 
flower (arrow) is visible. (C) Left, wild type. Middle and right, 
35S::CmAFL1 transformants.
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1．材料および方法
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Fig. 22. Effect of GA3 on the expression of CmFL and CmAFL1 in chrysanthemum. 
(A) CmFL in ‘Reagan’. (B) CmFL in line 94-4008. (C) CmAFL1 in 
‘Reagan’. (D) CmAFL1 in line 94-4008. Changes in the gene expression 
are shown as calculated value relative to the maximum value in the same 
Q-PCR assay. Error bars represent ± SE (n = 4). No chemicals (●), non- 
UCZ- and non-GA3 -treated plants. UCZ (▲), an application to soil (0.5 
mg per pot) and spray treatments of UCZ (25 mg L−1). UCZ+GA (○), 
GA3 (10 µg per plant in total) was applied over 6 d after UCZ application. 
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Fig. 22. Effect of GA3 on the expression of CmFL and CmAFL1 in chrysanthemum. (A) CmFL in ?Reagan?. (B) CmFL in line 94-
4008. (C) CmAFL1 in ?Reagan?. (D) CmAFL1 in line 94-4008. Changes in the gene expression are shown as calculated value relative 
to the maximum value in the same Q-PCR assay. Error bars represent ? SE (n = 4). No che icals (? ), non- UCZ- and non-GA3 
-treated plants. UCZ (? ), an application to soil (0.5 mg per pot) and spray treatments of UCZ (25 mg L-1). UCZ+GA (? ), GA3 (10µg 
per plant in total) was applied over 6 d after UCZ application.
Table 6. PCR primers and their sequences used to detect 
CmFL, CmAFL1and CmACTIN.
Gene name Primer Sequence (5'→3')
CmFL Forward CATTGATGCCATATTTAACTC
Reverse ACACGGATCATTCATTGTATA
CmAFL1 Forward CAAGCTCAACCATCAATAGTC
Reverse TGCAGCACATGAACGAGTAG
CmACTIN Forward GATGACGCAGATCATGTTCG
Reverse AGCATGTGGAAGTGCATACC
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Table 7. Effect of GA3 on flowering and extension growth in 
chrysanthemum line 94-4008 and ‘Reagan’.
Treatments No chemicals UCZ UCZ+GA
UCZ – + +
GA3 – – +
Line and cultivar Days to visible flower buds
94-4008 23.8 ± 0.7 a NBz (>90) 22.3 ± 0.6 a
Reagan 18.6 ± 0.1 a 27.8 ± 0.1 c 20.1 ± 0.3 b
Percentage of flowering plants
94-4008 100     0 100
Reagan 100 100 100
Increased number of leaves after transfer into SD phytotron
94-4008 19.6 ± 0.5 a 20.3 ± 0.5 a 23.6 ± 0.9 b
Reagan 15.3 ± 0.2 a 15.8 ± 0.2 a 16.8 ± 0.3 b
Stem elongation (cm)
94-4008 26.7 ± 1.8 b 0.6 ± 0.1 a 31.0 ± 0.6 b
Reagan 23.4 ± 1.4 b 0.7 ± 0.1 a 27.9 ± 0.7 c
Significant differences determined at P < 0.01 using Tukey?s 
test are indicated by different letters in each line. Values are 
mean ? SE (n = 12). No chemicals, non-UCZ- and non-GA3 
-treated plants. UCZ, an application to soil (0.5 mg per pot) and 
spray treatments of UCZ (25 mg L-1). UCZ+GA, GA3 (10µg per 
plant in total) was applied over 6 d after UCZ application. z NB, 
No visible flower buds. 
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